W he n evaluating the efficacy of government research and regulation in improving working conditions for minority workers, no single substance better characterizes the complexity of the issue than lead. As with other occupational hazards, federal and state agencies have striven to eliminate or reduce lead exposure in the workplace through research, case surveillance, and standards requiring air sampling and control measures. Lead exposure and associated diseases and conditions probably have been more closely scrutinized and studied longer than any other occupational exposure. The OSHA lead standard was developed over a ten year period before it was issued in 1978(U.S. Department of Labor).
However, examination of the impact of lead research, regulation and case surveillance on the lives and health of exposed minority workers reveals that these efforts have had uneven success in eliminating workplace exposure. Despite the many regulatory and case identification efforts, lead exposure continues and minorities are overrepresented in high exposure job categories.
These exposures of minority workers also have serious implications for the health and development of their children. Several reports have indicated that lead-exposed workers often take lead in clothing home to their families; elevated blood lead levels have been documented among these children. Reports indicate that very low levels of blood lead (less than 25 micrograms per deciliter (ug/dl) are associated with impaired'behavioral and neurological development of children (Needlesman, 1979) .
The Public Health Service (U.S. Department of Health and Human Services, 1980) has targeted 1990as the Despite the many regulatory and case identification efforts, lead exposure continues and minorities are overrepresented in high exposure job categories.
year when lead poisoning will be eliminated in this country. However, recent data indicate that this goal may not be realistic for lead-exposed minority workers (Texas Department of Health, 1988). More thorough programs are needed to identify lead-exposed minority workers, measure the impact of exposure on their health and insure that their workplaces meet current regulatory requirements. The recent institution of "lead registries" in four states offers some promise in uncovering the extent of both the exposure and enforcement problem. This article will examine the experience of those states that have collected data on the leadexposed population. Their data, and research on lead-exposed minority workers is used to gain insight into the extent of minority involvement in the lead exposure problem, the degree to which regulation has been effective, and the gaps in research initiatives.
SURVEILLANCE
During rulernaking on the occupational lead exposure standard, the Occupational Safety and Health Administration (OSHA) estimated that over 838,000 workers were exposed to lead in over 120 industries (U.S. Department of Labor, 1978) . Over one million tons oflead are used annually in industries such as lead smelting, lead storage battery manufacturing, production of lead pigments and substances containing pigments, shipbuilding, auto manufacturing and repair (especially radiator repair), pottery and printing.
Minorities tend to be overrepresented in the lead industries such as lead smelting and the storage battery industry. According to the U.S. Equal Employment Opportunity Commission (1980) , approximately 21% of lead smelter workers are minorities. These minority workers tend to be concentrated in the jobs within the industry which have greater potential for lead exposurewell over 50% of black and Hispanic workers in lead smelting are employed as laborers, operatives and service workers. They work more frequently than white co-workers in areas where ambient lead concentrations are the highest, such as the pouring and furnace areas and grinding, molding and shake-out departments (U.S. Equal Employment Opportunity Commission, 1980) .
Minority workers also commonly work in small shops (brass plating, radiator repair, pottery, etc.) where poor ventilation and work practices expose workers to ambient air lead levels that exceed the current standard.
Lead industry reports have indicated a significant decline in the mean blood levels of the work force since the inception of the OSHA lead standard in 1978. An industry-sponsored survey conducted in 1978 found Lead Exposure that in the primary smelting sector 73% of the workforce had blood lead levels below 60 ug/dI. In the secondary smelters and battery plants, the percentage of workers below 60 ug/dl was 60 to 70%. A subsequent survey in 1984 showed that the number of workers below 60 ug/dl had increased to 98% in the primary sector and 99% in the secondary and battery sector (Putnam, 1986) .
Despite this dramatic improvement, the data of recently instituted state lead registries indicate that manv workers continue to be overexposed, with blood lead levels at or over 50 ug/dl, the trigger level which the OSHA standard sets for mandatorv medical transfer from the exposure. Early indications are that many of these workers are minority workers.
Nationally, physicians or laboratories are not required to alert state or federal health officials to cases oflead poisoning. Four states-California, New Jersey, New York and Texashave instituted reporting laws. Each requires that medical laboratories report results of blood lead testing to state public health agencies which are thus able to maintain a registry of lead poisoning incidents. Efforts are made in some of these states to do selected case follow-ups to identify sources of exposure and others who could be affected.
The experiences of the California and Texas registries provide a profile suggesting that minority workers are overexposed to lead. California has only recently begun its lead registry. 
Construction is a particular problem
because the OSHA comprehensive lead standard does not apply to the construction industry.
In 1987, CDHS received 3077 blood lead reports for 1293 adults. Information identifying the individual's employer was missing on 36% of the reports. In the remaining reports, the highest number (1126), were from the lead smelting industry, followed by battery manufacturing (496) and brass foundries (130). The construction, radiator repair, pottery and ceramics industries were also represented in the reports.
Approximately 1% of all reports exceeded 80 ug/dl, 7% exceeded 50 ug/dl, and 21% exceeded 40 ug/dl, a level regarded clinically significant by CDHS. Ninety-four percent of the registrants were male and 81% were residents of Los Angeles County.
Although CDHS does not collect information on race and ethnic background, reports from the first year and the first quarter of1988 were evaluated for Hispanic surnames. Persons with Hispanic surnames accounted for 44% of the registrants. (Hispanics comprise just under 20% of the state's population.) Based on this analysis, minority workers appear to be overrepresented among exposed workers. This trend has led the Department to recommend that these workers require special attention (California Department of Health Services, 1988).
The Texas State Health Department has been collecting similar data since 1985. Texas law requires that all blood lead levels greater than 40 ug/dl be reported to the Department, which uses this surveillance data to target selective follow-up of industries. Generally, OSHA consultation services are recommended to indus-tries with overexposed workers; however, if the exposure appears to be severe, the Department may request direct OSHA intervention.
Texas collects a more detailed profile of exposed workers than California. In addition to identification of the employer, the reports must include the type of job, possible nonoccupational activities, the name of the person initiating the test, age of worker, and worker race/ethnicitv
The Department is preparing a report on 30 months of surveillance experience. From October, 1985, to June 1, 1988, 2458 reports were made for 681 individuals. Sixty-eight different companies were represented in the reports: 69% were battery manufacturing plants; 19% were other lead smelting and manufacturing industries; 7% were small companies and retail sales; 2% were miscellaneous chemical manufacturing; and 2% were radiator repair (Texas Department of Health, 1988).
Women represented only ten of the reported cases. Race and ethnicity distributions have not yet been analyzed; however, preliminary staff evaluation estimates a large number of blacks and Hispanics.
The experience of the state lead registries makes a compelling argument for more aggressive lead surveillance throughout the country. AI though it may be true that exposures are better controlled in large lead industries with more resources, smaller industries and shops may still have the problem of dangerously high exposure. The state lead registries appear to receive most of their reports from larger industries as these firms attempt to comply with OSHA regulations. Better surveillance of smaller shops and data collection from health care providers who treat lead-exposed workers from small industries are important prerequisites for identifying the minority workers at risk, since they may tend to be concentrated in smaller operations.
The few reports from the construction trades seem to indicate that more surveillance is needed in this industry. Minority workers are over-represented in those construction occupations that might put them at risk oflead exposure. For instance, in the San Francisco Bay area, black and Hispanic workers represent 62% of all construction laborers; they are often involved in demolition and rehabilitation projects where they might encounter particles from leadbased paints and older lead plumbing (U.S. Equal Employment Opportunity Commission, 1980) . Construction is a particular problem because the OSHA comprehensive lead standard does not apply to the construction industry.
REGULATION
Increased surveillance by the states has revealed that the regulatory mechanisms have not been completely successful in reducing or eliminating lead exposure. Not all employers are complying with the provisions of the lead standard.
In California, OHSEP followed up 33 of the cases which involved blood lead reports exceeding 60 ug/dl. Only 50% of these individuals had received their blood lead test as part of an employer-sponsored health monitoring program. Thirteen of the cases were symptomatic workers who sought care from a private physician. Many of these workers were apprehensive about the OHSEP recommendation of follow-up activities with their employers. They feared retaliation or job discrimination.
Of workers in this group who were covered by the OSHA lead standard, some had not been removed from their jobs; others had been removed to other jobs within the same company but at a lower pay rate (an apparent violation of the OSHA standard, which calls for rate retention in medical removal cases).
OHSEP also found that company physicians responsible for health monitoring mandated by the OSHA lead standard were not always clear about the provisions of that standard. A few of the physicians were totally unfamiliar with the normal limits of blood lead in adults and with their reporting responsibilities (Occupational Health Surveillance and Eval-The threat of employer retaliation continues to act as a powerful disincentive to workers' complaining about unsafe conditions. nation Program, 1987) .
A recent survey of California employers corroborates the OHSEP experience (Sharp, 1988) . The authors estimated, based on survey results, that only 2% of California workers with direct lead exposures are enrolled in an employer-sponsored monitoring program.
The failure of OSHA to enforce effectively the existing industrial lead standard and the absence of a comprehensive standard for leadexposed construction workers virtually ensures continued unacceptable lead exposure for many workers, including.minority workers.
RESEARCH

Research investigations in United
States' lead industries with high minority worker .representation have not consistently looked at the consequences ofthis exposure for minority communities.
A case in point is hypertension. Numerous studies have documented the excess morbidity and mortality associated with high blood pressure among U.S. blacks when compared to white populations. However, few U.S. studies have documented the relationship of lead exposure to the prevalence of hypertension among black workers. Often the preliminary discovery of hypertension has not been pursued further.
In the 1970s, researchers conducted an exhaustive prospective study of the subclinical effects of chronic lead exposure.· A cohort of 69 secondary lead smelter workers in Southern California were studied (Baloh, 1979) . Forty-two percent of Alexander the cohort was black and 45% was Hispanic. Researchers administered an extensive questionnaire and conducted a series of clinical tests (blood chemistry, neurological, audiological, etc.) . Although several of the lead-exposed workers reported a history of hypertension, the researchers did not pursue the possible association between lead exposure and hypertension among this group.
International researchers have connected lead exposure and hypertension. Recent studies (primarily international) have indicated an association. Kirby and Gvntelberg (1985) found a higher coronary risk profile among a group of chronically exposed lead smelter workers. These workers had higher diastolic blood pressures, more abnormal EKG readings and lower levels of high density lipoproteins than control group members.
In a more recent study, deKort and colleagues (1987) found that the mean blood pressure of a group of lead-and cadmium-exposed workers was higher than that of control group members.
These preliminary findings warrant some broader research initiatives in this country; minority workers in the lead industry should be followed to examine any association between hypertension and lead exposure.
CONCLUSION
In july, 1981, the National Institute for Occupational Safety and Health (NIOSH) held a National Conference on Occupational Health and Safety Issues Affecting Minority Workers. The proceedings of that conference were never published; however, the recommendations on policy and strategy for minority workers very much apply to the issue of lead exposure.
The recommendations for surveillance included implementation of a nationwide occupational disease registry. In the area of lead exposure, a nationwide registry does not seem unrealistic based on the experience of the four states that have one. Such a plan would certainly provide a more comprehensive characterization of the lead exposure of minority work- are give n ex plicit inform ation about their rights und er sta te and fed e ral law and some guida nce on exe rcising those rights.
Minority Workers
Lead exposure will cont inue to be a se rious occ upational p robl e m for minority worke rs unt il a compreh ensive fed eral policy is instituted that incorporates many of these measures. In the interim , othe r states should be encouraged to develop lead registries and to make follow-up contacts with exposed work ers and their employers.
